INTRODUCTION
The use of mammalian models to identify and understand virulence factors of human pathogens is indispensable. Alternative models, such as the amoeba Dictyostelium discoideum, the nematode Caenorhabditis elegans, the insect Drosophila melanogaster and the fish Danio rerio are, however, complementary systems for such studies [1] [2] [3] [4] [5] . This is possible because many human pathogens are of low species specificity and can infect hosts ranging from insects and nematodes to fish, as well as other mammals. They rely on universal virulence factors that are involved in the infection process regardless of the host. These can be identified and characterised using genetically tractable and inexpensive non-mammalian models. In addition, the molecular and genetic tools developed with these simple organisms combined with their well-studied cellular biology and/or immunology allow one to decipher the complex interactions between host and pathogen.
The four organisms listed above have in common many characteristics, such as ease of culture and full sequenced genomes, that make them very useful as model hosts [1] . These alternative hosts are being used for approaches as diverse as testing the virulence of chosen pathogen mutants [6,*7] , screening large banks of pathogen mutants for those with attenuated virulence [8, *9, *10] or dissecting the host mechanisms involved in pathogen invasion and intracellular replication [**11, *12, *13].
In addition, they have unique features relevant to the study of specific aspects of hostpathogen interactions. The amoeba D. discoideum is a professional phagocyte that can be used to decipher the molecular basis of phagocytosis and phagosome maturation [4] . Additionally, it can give insights into how certain intracellular bacterial pathogens survive in the phagolysosome [14] . The fly D. melanogaster possesses a very well-studied innate immunity 
New infections modelled with alternative hosts.
An increasing number of human bacterial pathogens are being tested in non-mammalian hosts in order to study conveniently their virulence. In addition to established models such as Pseudomonas aeruginosa [20, 21] , Salmonella typhimurium [22] [23] [24] or Serratia marcescens [25, 26] , several pathogens including Listeria monocytogenes [27, 28] , Yersinia pestis (see below) and Vibrio cholerae, the causal agent of cholera, have recently been added to the list of micro-organisms able to cause lethal infection of the nematode and the fly.
In humans, expression of Cholera toxin (CT) by V. cholerae provokes a rise in cAMP in the intestinal epithelium, the opening of ion channels and consequently loss of water into the intestinal lumen. In mice, this secretory diarrhea can be successfully treated with the channel blocker clotrimazole. It has now been reported that oral V. cholerae infection of the fruit fly leads to the death of the animals in a manner somewhat similar to that observed in humans, During the lethal colonization of the C. elegans intestine by V. cholerae, on the other hand, CT does not appear to play an important role [6] . But, using a reverse genetic approach, Vaitkevicius and colleagues demonstrated that the quorum sensing regulated protease PrtV is essential for this killing. Moreover, they obtained data [6] suggesting that this protease is important for V. cholerae in its natural niche [29] for its resistance to the marine plankton that graze on it. Finally, they measured an increased IL-8 secretion in human epithelial intestinal cells exposed to a V. cholerae prtV deletion mutant, compared to the parental strain, suggesting a role for this protease in modulating (directly or indirectly) the host response in vertebrates [6] .
Together, these reports illustrate to what extent nematode and fly can be relevant for the study of the causative agent of cholera. Importantly, the work by Blow and colleagues offers the perspective of using Drosophila to screen for chemicals that inhibit CT in vivo, following a precedent set by the Ausubel lab using C. elegans [**30].
In vivo screens for new antimicrobials
The massive use of antibiotics combined with the high adaptation capacity of bacteria has created the public-health problem of human pathogens resistant to multiple antibiotics. To facilitate the screening process, they used a Signature-Tagged Mutagenesis strategy [35] that permitted the analysis of fish co-infected by a pool of 12 distinct mutant strains. Doing so, they screened 1,128 signature-tagged transposon bacterial mutants and determined which bacterial mutants were not present in brain extracts from infected fish. Interestingly, 7 out of the 41 bacterial mutants isolated had transposon insertions in genes potentially coding for surface polysaccharides, major components of the capsule. Finally, using the bacterial mutants they isolated, they showed in a human whole blood assay for phagocytosis that S.
Random screens for the identification of bacterial virulence genes
iniae's capsule is involved in invasion and survival in human macrophages [8] .
These three studies further validate the use of non-mammalian hosts for large-scale screens to In contrast to these two studies that used automated microscopy, a third study was performed manually [**11]. In this painstaking project, interest was focused especially on the interaction between the L. monocytogenes toxin listeriolysin O (LLO) and host factors that allow the bacteria to escape from the phagosome. The authors combined RNAi against the host with bacterial mutants for LLO. In a first set of experiments, they used an LLO-deficient bacterial strain and screened for dsRNAs that restored the capacity of these mutants to escape into the cytoplasm. The corresponding genes would be expected to be elements of the host pathways targeted by LLO. In a second set of experiments, they used a bacterial mutant producing a LLO toxin lacking a PEST sequence (and thus with a longer half-life). They screened for dsRNAs that rendered S2 cells more susceptible to this stable toxin to determine which host enzymes control LLO toxicity. Based on their results, they propose a model in which the pore-forming LLO inserts into the membrane of the L. monocytogenes-containing phagosome, thus impairing its acidification and maturation. Concerning the host's control of LLO toxicity, their screen identified SPT, an enzyme necessary for sphingolipid metabolism, as a key factor for host resistance [**11].
The experimental systems described in these three reports can thus be used to shed light on the complex interactions between the host and an intracellular pathogen that are both fighting for their survival. But just as is the case for any model system, the results come with a number of caveats. It is well known that a dsRNA can interfere with off-target genes and so generate Together, these studies illustrate the potential use of genetically tractable non-mammalian hosts, with characterized immune systems, to decipher the mechanisms pathogens employ to evade the host immune system. As exemplified above, it is possible to have a global approach and/or to address precisely the role of a specific bacterial protein.
CONCLUSIONS
Molecular and physiological conservation within different bacteria and across eukaryotic species renders the study of host-pathogen interaction using non-mammalian models especially attractive. Moreover, it is likely that many of the virulence mechanisms that pathogens use during their infection of humans in fact evolved since they favour survival in the natural ecological niche and so are best studied using their natural predators, such as D. discoideum and C. elegans. After a period when these model systems were used in essentially one-sided approaches (e.g. screening banks of bacterial mutants for virulence genes or identifying the host targets of bacterial virulence factors), more and more studies are now exploiting a combination of bacterial and host genetics to address the molecular basis of pathogenicity and defence. The future promises to reveal details of the intimate but deadly dance between pathogen and host that has been going on since the birth of eukaryotes. In this study, the authors performed microarray analyses on flies infected with either wild-type P. aeruginosa or an avirulent mutant. Strikingly, they uncovered an enigmatic mechanism used by P. aeruginosa to silence specifically the expression of genes encoding antimicrobial proteins. 
